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INTRODUCTION
Hydatid
rural

disease

communities

constitutes

of central

the tapeworm Echinococcus

Utah.

a serious
The disease,

granulosus,

industry.

and/or

and sheep dogs are the principal

tapeworm stage.
is voided

Sheep harbor

The terminal

from the dog's

where sheep graze.

intestine,

secretions

then penetrate

the intestinal

lungs.
tiny

Here they develop
larval

tered,

stages

the rancher

The protoscolices

stages
hosts

proglottid

into

and migrate

hydatid

cysts,

pasture

tapeworm
grass

the tapeworm eggs,

cause the eggs to hatch.
lining

in the liver

of the adult

ingest

with the

for the adult

and contaminates

The sheep inadvertently

and intestinal

is associated

the larval

gravid

problem in the

which is caused by

generally

sheep raising
lungs,

health

The freed

larvae

to the liver

which contain

and/or·
numerous

known as protoscolices.

When the sheep are slaugh-

often

organs

develop

feeds

the infected

in the dog's

intestine

to his

sheep dog.

to the adult

tapeworm

stage.
Oftentimes

the dog contaminates

thereby

presenting

a problem to humans.

dentally

ingested

intervention

If an hydatid

by man, a cyst might develop

is the only known cure for hydatid

During a survey
(1973) showed that
Utah harbored

his own fur with these

in 1971 to 1972, Andersen,

25.2% of 115 dogs in various

the adult

stage

of!·

granulosus.

1

egg is acci-

in his body.
cysts

eggs,

Surgical

in humans.

Wright and Mortenson

communities

in central

Because of this

high

2

prevalence,
parasite

efforts
(see Fig.

killing

1).

the larval

directed

against

should be taken to break the life

stages

Since no drug currently
inside

1966),

Moya, and Lelijveld,
treatment

1968).

No drug,

of

chemotherapy must be

Bunamidine hydrochloride*
for!•

granulosus

(Cook, 1970) and Argentina
however, has been labeled

in
(Blood,
for

in the United States.
This present

study was undertaken

bunamidine hydrochloride
E. granulosus

ride),

anthelmintic

New Zealand

known is capable

cyst,

the adult worm in the dogs.

has been shown to be an effective
England (Forbes,

an hydatid

cycle of the

against

found in central

to test

the efficacy

of

both the innnature and mature stages

of

Utah.

*Scolaban (N,N-dibutyl-4-hexyloxy-1-naphthamidine
hydrochloBurroughs Welcome & Company, Inc., Research Triangle Park, N.C.

fi?\

Q

MANACCIDENTALLY
INGESTS EGGS

~

\;,,i;;J

{\

HYDATIDCYSTSDEVELOP
IN THE LIVER & LUNGS
TAPEWORM
EGGSEXCRETED
BY DOG

ADULTWORMS
DEVELOPIN
DOG'S SMALLINTESTINE

e

EGGSCONTAMINATE

e PASTURE

INGEST EGGS
WHILEGRAZING

& INFECTED
• SHEEP SLAUGHTERED
VISCERAFED TO DOG

~

CYSTS DEVELOPIN
LIVER & LUNGS

Figure

1.

Life Cycle of Hydatid
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REVIEWOF LITERATURE
In a survey

for parasitic

Utah, Wright and Andersen
infected

with hydatid

Andersen,

of 2,826 adult

human cases
and that

of hydatid

at least

anthelmintic

et al.
disease

while
liver

13.2%
and/or

33 endemic

in Utah since
an operation

parts

granulosus

1944,
for

Hydatigera

However, many other

and other

against

an effective

of the world to determine

showed that

was active

caninum,

to determine

of E. granulosus.

in various

for!•

(200 mg/kg of bodyweight)

tapeworms of carni-

bunamidine

four species

taeniaeformis,

hydrochloride
of cestodes

Spirometra

and Taenia pisiformis.

Forbes
chloride

had died during

In 1966, Burrows and Lillis

mansonoides

at least

have been recorded

for the Utah strain

pipylidiu~

25.2% of 115

in their

that

has been no study

anthelmintics

in dogs:

cysts

survey,

cyst.

have been conducted

effective

that

iranulosus,

of!·

indicated

one individual

there

In a subsequent

(1973) determined
stage

in

12% of 50 sheep were

granulosus.

sheep examined had hydatid

To date,

vores.

of!•

with the adult

removal of a pulmonary

studies

cysts

In 1974 Spruance

of sheep and cattle

(1972) showed that

Wright and Mortenson

dogs were infected

lungs.

helminths

(1966) assessed

in four infected

50 mg/kg given once,

dogs.

the efficiency

of bunamidine

hydro-

The drug was given in four doses:

100 mg/kg given once,
4

100 mg/kg given twice,

and

5

100 mg/kg given three
clearance,

times.

He obtained

study by Blood, Moya and Lelijveld

out of 26 trials

of various

was the most effective
of the worms.

for!·

Arecoline

In New Zealand,
of bunamidine

granulosus

hydrobromide

ages and breed.

particular

against

Three dosage levels

hydrochloride
at least

failed

90%

to remove

study.
(1968) tested

the efficiency

both the mature and immature forms
with 224 dogs of various

were used:

48 hours apart,

With the single

eliminated,

and Antheline

The study was conducted

50 mg/kg given twice

50 mg/kg dose,

50 mg/kg given once,

and 25 mg/kg given twice 48 hours
95% of the mature worms were

while between 78 to 87% of the immature worms were cleared.

The second dosage level

(50 mg/kg given twice)

gave a clearance

against

the mature worms and 98 to 98.8% clearance

worms.

Administration

of 25 mg/kg twice within

between doses gave 98% clearance
did not include

twice,

and 95.7%

(1968) showed that

and eliminated

Gemmell and Shearer

hydrochloride

granulosus.

chloride

95.9,

drugs on 613 dogs, bunamidine

even 50% of the worms in that

apart.

93.3,

respectively.
A later

of!•

72.5,

mature worms.

was most effective
48 hours apart

program against!·
bunamidine

hydrochloride.

the incidence

of~-

They concluded

as an hydatid

should

interval

bunamidine

regimen
hydro-

if administered

of 25 mg/kg of bodyweight.

include

Using dosage levels

granulosus

that

the immature

The third

anthelmintic

Cook (1970) concluded

granulosus

a 48-hour

of immature worms.

in a dosage strength

In New Zealand,

against

of 97%

that

an eradication

treatment

of dogs with

of 50 mg/kg and 25 mg/kg,

dropped from 7.9% to 0.1% in one year.

MATERIALS
ANDMETHODS
Twenty-seven
obtained

from local

an anthelmintic
before

of breeds,

pounds in Utah County.

and allowed

to adjust

weights

and ages were

The dogs were each given

to their

pens for several

days

experimentation.
Hydatid

contents

cysts

were secured

were removed and divided

40,000 viable
bility

dogs of a variety

protoscolices.

into

the following

aliquot

2.

100 mg trypsin

3.

300 mg pancreatin

4.

200 mg sodium taurocholate

5.

1 molar sodium bicarbonate

199 cell

was preheated

culture

to 39 C.

39 C and subsequently

examined microscopically.

inoculum of these

viable

and fed to the individual
The infected

were tested

(to adjust

of evagination

if

of 30,000 to
for via-

by Smyth (1967).

The

media

mixed with nine parts

to be viable

and the cyst

ingredients:

100 ml Parker

considered

portions

media devised

1.

The solution

abattoirs

The protoscolices

with an enzyme evagination

media contained

from local

media,

they were motile

protoscolices

pH to 7.6)

One part
incubated

hydatid

fluid

for 10 minutes

Protoscolices
and had evaginated.

was
at

were
An

was then mixed with ground beef

dogs.

dogs were individually

Once a day the dogs were transferred

housed in 8' x 5' pens.

to holding
6

pens,

and all

excrement

7
was removed from the pens and incinerated.
with a propane
technician
boots,

torch

and completely

was required

surgical

The pens were then flamed

washed with running water.

to wear clean

coveralls,

rubber

four groups of three

dogs each.

in group II were orally

per kilogram
and those

of bodyweight;

more groups.

after

given 25 mg of bunamidine

into

those

in group III

hydrochloride

were given 50 mg/kg;

15 dogs were allowed

Five dogs in group V were left
with 25 mg/kg; three

with 50 mg/kg; and three

form and was administered
The dogs fasted
being killed.

three

This allowed

four

dogs in

with

The drug was in tablet
veterinarian.

12 hours before

treatment

and fasted

time for the feces

examination.

of sodium pentobarbitol

into

dogs in group VII were

apart.

by a registered

an intestinal

untreated;

for 115

dogs in group VIII were treated

two doses of 25 mg/kg given 48 hours

facilitated

to mature

which time the dogs were randomly divided

group VI were treated

overdose

and divided

in group IV were given two doses of 25 mg/kg 48 hours apart.

to 142 days,

before

rubber

The dogs in group I were not treated;

The worms in the other

treated

gloves,

mask and cap.

On day 36, twelve dogs were randomly selected

those

The

to be voided

The dogs were killed

injected

24 hours

intravenously

and

with an

by a registered

veterinarian.
The small intestines
contents

were placed

This allowed
mucosa.

were first

in tap water

removed and slit

and refrigerated

time for the worms to relax

The mucosa was then stripped,

and detach

open.

The

for 24 hours at 4 C.
from the intestinal

mixed with the refrigerated

8

water

and examined microscopically.

became broken,
Scolices
numerically
control
"t"

test

only the scolices
recovered

compared against

dogs.

These values

for comparison

Since many of the detached

worms

were counted.

from the treated
those

dogs in each group were

recovered

were analyzed

of sample means.

from the nontreated

statistically

by the standard

RESULTS
The results

of the post-mortem

that bunamidine hydrochloride
against

(Table 1).

(control)

yielded

against

At the time of necropsy,

with 25 mg/kg yielded

Oto

Those in group III which received

worms (clearance
(clearance

the dogs of group I
Those in group II

52 worms (clearance

50 mg/kg yielded

85.9%), and those in group IV yielded

112 to 462

Oto

184 worms

95.8%).

The efficacy
worms of E. granulosus
the control

of bunamidine hydrochloride
can be seen in Table 2.

group yielded

clearance

VII, and VIII.
was statistically

of mature~In all

dogs, since
of the drug.

granulosus

groups of treated

significant

physiological

the mature

At the time of necropsy,

was obtained

One hundred

in groups,

dogs, the percentage

VI,

clearance

at or beyond the 0.01 level.
appeared

50% of the dogs vomited within
Loose stools

against

713 to 1,862 worms (mean 1,227).

Bunamidine hydrochloride

other visual

mature worms of E.

985 to 2,321 worms (mean 1,634).

which were treated
98.8%).

of 27 dogs revealed

was between 85.9% and 98.9% effective

immature worms and 100% effective

granulosus

percent

examination

somewhat toxic
one hour after

were also observed
ill

effects

9

to the fasting
administration

in the dog pens.

were observed.

No

Table 1
Efficacy

of Bunamidine Hydrochloride
Against Immature Echinococcus
granulosus
in Experimentally
Infected
Dogs

Dogs

Group
I

Mean
II

Mean
III

Mean

IV
Mean

'Breed

Weight
(kg)

Age

No. of
protoscolices
given

Dose(s) of
bunamidine
HCl
(mg/kg)

Terrier
Hound
Chihuahua

4.1
6.5
4.1

4 months
Adult
Adult

30,000
40,000
30,000

•••

Mixed
Terrier
Poodle Mixed

5.9
3.3
5.3

3 months
Adult
Adult

40,000
30,000
30,000

25

Mixed
Mixed
Poodle

1.1
2.6
8.6

3 months
Adult
Adult

30,000
30,000
40,000

50

Hound
Poodle
Mixed

3.8
6.0
4.8

3 months
Adult
Adult

30,000
40,000
30,000

2 X 25

*Statistically

significant

at 0.01 level;

(control)

Time of
necropsy
(days
after
exposure)

No. of
worms
recovered at
necropsy
1,596
2,321
985
1,634

38

38

52
4
0

96.8
99.7
100.0
98.8*

118
462
112

92.8
71.7
93.1
85.9*

184
0

88.7
100.0
100.0
95.8*

---n38

231

calcuiated

40

0

---rr
by the standard

Percentage
clearance
as compared
with mean
recovery in
nontreated
dogs

t test

for sample means.

I-'

0

Table 2
Efficacy

Group
V

Mean
VI

Mean

VII
Mean
VIII

Mean

Breed

of Bunamidine Hydrochloride
Against Mature Echinococcus
granulosus
in Experimentally
Infected
Dogs

Weight
(kg)

Age

No. of
protoscolices
given

Dose(s) of
bunamidine
HCl
{mg/kg)

Time of
necropsy
(days
after
exposure)

Poodle
Mixed
Mixed
Mixed
Poodle

9.1
5.9
5.9
7.7
9.1

Adult

40,000

••• {control)

127
127
117
136
136

Mixed
Poodle
Mixed

15.4
6.4
11.4

Adult

40,000

25

133
144
144

Mixed
Poodle
Mixed

5.9
11.4
3.6

Adult

Dachshund
Poodle
Mixed
Poodle

9.1
6.4
5.0
8.6

Adult

40,000

40,000

127
117
142

50

144
144
125
144

2 X 25

No. of
worms
recovered at
necropsy

Percentage
clearance
as compared·
with mean
recovery in
non treated
dogs

1,862
1,014

713

868
1,673
1,227

--0

--0

--0

0
0
0

100
100
100
lJO*

0
0
0

100
101)
100
100*

0
0
0

100
100
100
100
100**

0

·------*Statistically

significant

at 0.01 level.

**Statistically

significant

at 0.005 level.

I-'
I-'

DISCUSSION
It is apparent
effective

anthelmintic

showed less
against
other

bunamidine

against

the mature worms.
workers.

worms.

hydrochloride

for E. granulosus

efficacy

the immature adult
These results

hydrochloride
A dosage level

was less

Gemmell and Shearer

more effective
granulosus

against

matory response
addition,

efficient

It is difficult
three

treatment

routinely

48 hours

intestinal

suggested

that

regimens

by

lining,

treatment

removed

the drug might be
Since E.

the elicited

the drug from contacting
protected

inflam-

the worms.

In

more by the

forms.

to determine
used in this

removing inunature

drug treatment
standpoint,

adult

reported

than removal of the

Repeated

immature worms are probably

mucous than the larger

did

removal of younger worms

mature worms than juveniles.

might prevent

smaller

worms than it

of 50 to 100 mg/kg removed 72 to 93.3% of

(1968) also

embed in the dog's

the drug

agree with studies

the immature worms in 33-day old infections.
96%.

is a highly

in Utah; however,

In 1966, Forbes found that

with bunamidine
older

that

stages.

from the limited

study would be most beneficial
It seems likely

would be more effective

data which of the

than one dose.

that

in

repeated

From a practical

it might be wise to give two doses of 25 mg/kg of the drug
apart

several

would guard against

times a year.

the consequences

12

With this

regimen the dog owner

of reinfection,

as well

as

13

eliminate

possible

remaining

the time of an earlier

treatment.

were used in a low-level
strain

Therefore,

If drug dosages

continuous-feeding

of E. granulosus

occur.

worms which might have been immature at

resistant

prophylactic

less

protocol,

to bunamidine
low-level

than 25 mg/kg
a selection

hydrochloride

administrations

of a

might

would not be

advisable.
Bunamidine hydrochloride
ever,
side

the tolerance
effects

of the dog to the drug should

of vomiting

similar

results

Shearer

(1968) reported

and loose

were reported

study,

removed with all

and Shearer

also

there

(1968) achieved
those

or in repeating

regimens

one or two treatments

noted in using

treatment

bunamidine

against

hydrochloride

Prior

echinococcosis

to this

stated,

likely

for treatment

Gemmell

of 200 mg/kg gave
Blood, Moya and
hydatid

in the current
greater

mature worms.
will

used.

of the adult

dosages

were

of 50 mg/kg, a single

In Argentina,

As previously

Food and Drug Administration
country.

treatment

only 90% clearance

levels.

was no advantage

study,

three

found that

forms of _g_.granulosus

mature

removal of the mature worms.

worms using

Gemmell and

out of 16 dogs died when given a

of 100 mg/kg, or one or two treatments

Lelijveld

1966.

and

one out of 15 dogs died when given

and three

effectively

complete

were only temporary,

The

of 200 mg/kg of bodyweight.

In the present

treatment

stools

mild drug; how-

be considered.

by Burrows and Lillis,

that

100 mg/kg of bodyweight,
dosage level

seems to be a fairly

study

than 25 mg/kg,

As a result

be cleared

tape-

of this

by the Federal

of.§_. granulosus

in this

time no drug has been approved by the FDA for

in the United

States.

14

The differences
of former

observers

experimental

relate

was prepared,
dogs used.

between

might be accounted

error,

weaknesses

in results

or biological

Larval

aliquots

of 30,000

in attempting

to keep the heavy larval
process.

same group of cysts.
possibly

be attributed

physical

condition,

Variable

responses

to the differences

dogs used in the study.

The best

Inherent

of protoscolices

differences

in the
undoubt-

encountered

forms from settling

out during

used were prepared

from different
in age,

physiological

way to eliminate

breed,

from the

dogs could
sex,

and

differences

of the

some of these

would be to use dogs of only one breed which had been raised

under identical
laboratory.

rather

of the worms.

due to difficulties

inocula

and any inherent

techniques,

or 40,000 protoscolices

10% error

Also not all

and the studies

in different

and physiological

an approximate

of this

study

to the manner in which the inoculum

edly included

variables

for

differences

and to the physical

the counting

this

circumstances,
Additional

tapeworm,

and preferably

discrepancies

and to the difficulty

than proglottid

chains.

in a parasite-free

might relate
in counting

to the smallness
only scolices

Sill1MARY

A study was conducted
hydrochloride

against!•

granulosus

The dogs were of various
shelters

to determine

breeds

in Utah County.

the efficacy

of bunamidine

in 27 experimentally

and were obtained

They were initially

infected

dogs.

from animal control

purged of all

intestinal

helminths.
Protoscolices
abattoirs

obtained

were tested

were given

for viability,

to each dog.

develop

to the gravid

allowed

to develop

was administered

from hydatid

cysts

while

and 30,000 to 40,000 viable

at dosage levels

immature worms, and was completely

protected

Presumably

hydrochloride,

of 25 mg/kg, 50 mg/kg, or two

apart.

efficacious

the larger
whereas

by the mucous lining

to

Bunamidine hydrochloride

The drug was between 85.9 to 98.9% efficient

with bunamidine

larvae

the worms in 12 of the dogs were

only to an immature state.

doses of 25 mg/kg given 48 hours

the mature worms.

from local

The worms in 15 of the dogs were allowed

state,

orally

collected

against

(100% clearance)

worms have increased
the smaller

and the possible

the
against
contact

itmnature worms are

inflammatory

reaction

of the small intestine.
The data
anthelmintic
in field

indicate

against!·

efforts

where the disease

that

bunamidine

granulosus

to reduce

hydrochloride

in Utah,

the prevalence

is endemic.

15

is an effective

and could feasibly

of the parasite

be used

in regions
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EFFICACY OF BUNAMIDINE HYDROCHLORIDE AGAINST
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ABSTRACT
A study was conducted to determine the efficacy of bunamidine
hydrochloride against the immature and mature stages of Echinococcus
granulosus found in Utah. Twenty-seven dogs were obtained from local
animal shelters and experimentally infected with the parasite. The
drug was given at dosage levels of 25 mg/kg to 50 mg/kg of bodyweight.
It was from 85.9 to 98.8% effective against the inunature stage, and
100% effective against the adult stage. The results suggest that this
drug can feasibly be used under field conditions where hydatid disease
is endemic.
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